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Abstract Soluble and total trace metals were measured in four size fractionated aerosol samples
collected over the tropical eastern Atlantic Ocean. In samples that were dominated by Saharan dust, the
size distributions of total iron, aluminum, titanium, manganese, cobalt, and thorium were very similar to
one another and to the size distributions of soluble manganese, cobalt, and thorium. Finer particle sizes
(< ~3 μm) showed enhanced soluble concentrations of iron, aluminum, and titanium, possibly as a result of
interactions with acidic sulfate aerosol during atmospheric transport. The difference in fine particle
solubility between these two groups of elements might be related to the hyperbolic increase in the fractional
solubility of iron, and a number of other elements, during the atmospheric transport of Saharan dust, which
is not observed for manganese and its associated elements. In comparison to elements whose solubility
varies during atmospheric transport, the stability of thorium fractional solubility should reduce
uncertainties in the use of dissolved concentrations of this element in seawater as a proxy for dust deposition,
although this topic requires further work.
1. Introduction
Atmospheric deposition of mineral dust is an important source of trace elements to the remote surface
ocean. Many of these trace elements (e.g., iron (Fe), phosphorus (P), cobalt (Co), manganese (Mn), and cop-
per (Cu)) are essential components of marine microbial metabolic systems (Mahowald et al., 2018), and thus,
the deposition of dust plays a significant role in phytoplankton growth and the cycling of carbon in the ocean
and the Earth System as a whole (Jickells et al., 2005).
The solubility (the fraction of their total atmospheric input that dissolves) of these trace elements is key
to their impact on microorganisms, because in most cases it is soluble forms that are available for incor-
poration into cells (e.g., Morel et al., 2008). There is a large body of evidence that indicates that the
solubility of Fe increases hyperbolically as total Fe atmospheric concentration decreases (i.e., with trans-
port away from dust source regions) (Baker & Jickells, 2006; Chen & Siefert, 2004; Jickells et al., 2016;
Shelley et al., 2018; Sholkovitz et al., 2012). Similar hyperbolic relationships between solubility and
atmospheric concentration have been reported for many other dust‐associated elements, for example,
aluminum (Al), silicon (Si), P, titanium (Ti), and lead (Pb) (Baker & Jickells, 2006; Prospero et al., 1987;
Shelley et al., 2018).
Attempts to understand this solubility behavior have focused largely on Fe (Aguilar‐Islas et al., 2010; Baker
& Jickells, 2006; Sedwick et al., 2007; Sholkovitz et al., 2012; Spokes et al., 1994), because of its major role as a
limiting nutrient over large regions of the global ocean (Jickells et al., 2005). Consideration of additional
trace elements can help to evaluate the relative importance of potential controls on solubility (Baker
et al., 2014), as well as shed light on the biogeochemical cycles of these other species. When trace elements
delivered with dust (such as Al, Ti, and thorium (Th)) do not have a significant metabolic function or other
confounding factor, their surface water‐dissolved concentrations can be used to estimate dust flux and hence
the atmospheric supply of associated bioactive elements (Anderson et al., 2016). The fractional solubility of
these tracer elements in dust is a key uncertainty in these calculations (Anderson et al., 2016; Hsieh
et al., 2011; Measures et al., 2010).
Not all elements exhibit significant increases in solubility with decreasing atmospheric dust concentration.
The solubility of Mn in Saharan dust aerosols has been reported to vary little with dust (total Mn)
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concentration (Jickells et al., 2016; Shelley et al., 2018), and similar beha-
vior has been observed for Co (Shelley et al., 2018).
In this work, the solubilities of several mineral dust‐associated trace ele-
ments (Fe, Al, Ti, Mn, Co, and Th) have been examined in size fractio-
nated aerosol samples collected over the tropical Atlantic Ocean. The
overall (summed over all size fractions) solubility observed in these sam-
ples is compared to that of other non‐size fractionated Saharan dust aero-
sols. Variations in solubility with particle size are discussed in terms of the
influences on dust solubility of weathering in source regions and atmo-
spheric processing. The impact of variations in solubility on the suitability
of trace elements as proxies for Saharan dust deposition is also considered.
2. Materials and Methods
Size‐segregated aerosol samples were collected during two cruises in 2011
in the eastern tropical Atlantic Ocean aboard RRS Discovery (Figure 1).
Cruise D361 (GEOTRACES section cruise GA06) took place in
February–March (Jickells et al., 2016), while D371 (AMT21) crossed the
north Atlantic in October as part of the Atlantic Meridional Transect
(AMT) program (Baker & Jickells, 2017). Acid‐washed Whatman 41
slotted substrates and backup filters were used for trace metal sampling
during both cruises (Baker & Jickells, 2017; Jickells et al., 2016). Most
aerosol sampling during these cruises was done using Sierra‐type cascade
impactors to separate the collected material into two size classes, with a
boundary at an aerodynamic diameter of ~1 μm. However, the four sam-
ples discussed here were collected using multiple impactor stages to give
more detailed information on the size distribution of aerosol components
(Table 1). Soluble trace metals were extracted from aerosol samples using ammonium acetate solution at
pH 4.7 and determined by ICP‐OES and ICP‐MS. Leaching with ultrapure water was used for major ion
(including sodium, nitrate, sulfate, and oxalate) extraction, followed by ion chromatography analysis. The
application of these methods to the samples collected during AMT21 and D361 has been described pre-
viously (Baker & Jickells, 2017; Bridgestock et al., 2017; Jickells et al., 2016).
The relationship between the solubility of the trace metals in seawater and that determined by the leaching
protocol used in this work is unclear, especially for elements other than Fe. The influence of the ammonium
acetate leach on the solubility of the D361 and AMT21 samples has been discussed previously (Baker &
Jickells, 2017; Jickells et al., 2016); however, the geochemical characteristics and magnitude of solubility
are similar to those reported using a number of different leaching solutions, including seawater (Baker
et al., 2014; Shelley et al., 2018).
The total metal composition of the multistage samples was determined after a strong acid digestion proce-
dure using 15.4 M HNO3 (TraceSELECT™, for trace analysis, ≥69.0%, Honeywell Fluka™) and 27–30 M
HF (47–51%, TraceMetal™, for TraceMetal Analysis, Fisher Chemical). Portions of each collection substrate
were placed in acid‐washed Teflon beakers and evaporated gently to dryness after sequential additions of
5 ml HNO3, 1 ml HF, and 1 ml HNO3 on a ceramic hotplate (Baker et al., 2006). The hotplate was housed
inside a plastic box, which was placed in a fume cupboard. Fumes from the digestion were drawn through
a saturated solution of CaCO3 in order to remove any excess HF from the vented air flow. Once digestion
was complete, the residues were redissolved in 0.15 M HNO3, quantitatively transferred to acid‐washed
50 ml polypropylene centrifuge tubes and left to stand for 24 hr before filtration through 0.2 μm cartridge
filters (cellulose acetate, Sartorius). Blank digestions and digestions of Arizona Test Dust (20–24 mg) were
performed with each batch of aerosol digests. Results obtained for Arizona Test Dust are presented
in Table 2.
Trace element concentrations in the filtered digests were determined by ICP‐MS (iCAP TQ, Thermo
Scientific) using rhodium as an internal standard. Calibration solutions were prepared from SPEX
Figure 1. Tracks of the D361 (black) and AMT21 (gray) cruises through the
eastern North Atlantic. Aerosol collection periods are indicated by thick
solid lines (red for samples with high concentrations of mineral dust, blues
for other samples). Five day air mass Back trajectories are shown as
dotted lines for arrivals 10 m above the ship's position and solid lines for
1,000 m arrivals. Back trajectories extend beyond the boundaries of the map
in some cases.
10.1029/2019GB006510Global Biogeochemical Cycles
BAKER ET AL. 2 of 9
CertiPrep stock solutions. Certified reference materials (TM27.3 and
TMDA64.2, Environment Canada) were analyzed together with each
batch of samples. Recoveries for certified elements in these standards
were within 5% (Fe, Mn, and Co) and 10% (Al and Ti). Reference
values for Th in these CRMs are not available. Blank values and
detection limits for impactor stages and backup filters are given in
Table S1 in the supporting information.
Fractional solubility for each element was calculated as the ratio of
its soluble to total concentration, expressed as a percentage.
Separation of aerosol samples into multiple size fractions results in
a lower sample loading per stage and hence an increased likelihood
of components in individual size fractions being below the limit of
detection, particularly when total aerosol trace metal concentrations
are low (Sakata et al., 2018). If both soluble and total concentrations
were below the detection limit, solubility was not calculated. In cases where either one of the measured
values was below detection limit, the detection limit was substituted for the missing value in the calculation.
The calculated solubility was therefore an upper limit if the soluble concentration was below detection and a
lower limit if the total concentration was below detection. (These maximum and minimum values are indi-
cated by downward and upward pointing arrows, respectively, in Figure 4). Where below detection limit
values were present in the calculation of properties summed over sample size fractions (e.g., in Table 3),
missing values in the summation were replaced with 75% of the relevant limit of detection. If more than
one below detection limit value was present in such a calculation, their contribution to the total was taken
to be the square root of the sum of their squares (i.e., they were treated as uncertainties). In order to account
for these corrections in the uncertainty in the summed value, for each below detection limit value in a cal-
culation, the associated uncertainty was taken to be 100% of the relevant detection limit.
Air mass back trajectories were calculated for the 5 days prior to sample collection at heights of 10, 500, and
1,000 m above the ship's position using the READY Hysplit archived trajectory model (Draxler
& Rolph, 2003).
3. Results and Discussion
3.1. Properties of Size‐Fractionated Samples
Two of the samples reported here (AMT21 M15 and D361 TM07) exhibited the orange/brown coloration
associated with mineral dust aerosols on several of their upper impactor stages. Air mass back trajectories
for these samples (Figure 1) indicated passage of air over regions in Mauritania that have been identified
as active dust sources (Stuut et al., 2005). The other samples collected during D361 (TM25 and TM26) did
not show dust coloration, had air mass arrivals predominantly from the north, and their total (summed over
all size fractions) concentrations of dust‐associated trace elements were at least an order of magnitude lower
than Samples M15 and TM07 (Table 3). Based on their respective concentrations of soluble Na+ and total Al,
the mass ratios of seaspray to mineral dust in the samples were 0.13 (M15), 0.34 (TM07), 13.2 (TM25), and 6.0
(TM26). Mineral dust was therefore a relatively minor constituent of Samples TM25 and TM26. Isotopic ana-
lysis of samples collected concurrently with TM07 and TM25 + TM26
combined also suggests that mineral dust contributed a greater pro-
portion of Pb to Sample TM07 than during the latter period
(Bridgestock et al., 2016). Results for the non‐dusty samples are
reported here, but the focus of this work is on the concentrations
and solubility of trace elements in Saharan dust aerosols.
The concentrations of dust‐associated elements in Samples M15 and
TM07were within a factor of 2 of each other (Table 3). The lower con-
centrations observed in Sample M15 may have been partly due to
deposition along its probable longer atmospheric transport pathway
(M15 was located ~2,200 km west of the coast of Western Sahara,
while TM07 was collected ~350 km west of Senegal, although actual
Table 1
Cascade Impactor Stages Used During the D361 and AMT21 Cruises and Their
Associated Particle Size Cutoffs (Aerodynamic Diameter) at the Collector Flow
Rate Used, 1 m3 min−1







Note. Backup filters (Stage w in Figures 3–5) collected particles smaller than
the cutoff for the last impactor stage.
a
Not used for TM sampling during AMT21.
Table 2
Mean and Standard Deviation Elemental Composition of Arizona Test Dust
Determined in This Study (n = 5)
Element Concentration (ppm)
Fe 28,600 ± 1,100
Al 60,300 ± 3,500
Ti 2,510 ± 100
Mn 658 ± 34
Co 15.0 ± 0.5
Th 16.0 ± 0.7
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transport pathways from source regions will be longer than this). Differences in the relative proportions of
dust‐associated elements in the different size fractions of these two samples may also be due to changes dur-
ing transport. For instance, the proportions of total Fe found in the >7.8 μm (Stage 1) and <0.61 μm (Stages
w and 6) fractions in TM07 were 13.7% and 9.7% respectively, while the corresponding values for M15 were
5.5% and 26.2%. These differences would be consistent with preferential deposition of larger dust particles
during transport (Ryder et al., 2013).
3.2. Solubility‐Concentration Relationships of Non‐fractionated Dust Aerosols
Figure 2 shows the overall solubility (i.e., the average solubility across all size fractions) of Fe, Al, Ti, Mn, Co,
and Th in the samples studied here, together with previously reported data for Saharan dust aerosols col-
lected over the Atlantic Ocean for which soluble element concentrations were determined by the same
extraction protocol used here (Jickells et al., 2016). Dust concentration (calculated from total Al concentra-
tion, assuming Al to compose 8% of the mass of dust) is plotted on the x axes of Figure 2, rather than total
element concentration, for convenience. This truncates the range of values on the x axes but does not other-
wise alter the plots. The data are plotted on both log and linear scales to emphasize the differences in beha-
vior between Fe/Al and Mn (n = 124 for these elements). There are fewer observations available for Ti, Co,
and Th (n = 14), but the latter two elements appear to behave similarly to Mn, with very little variation in
solubility with dust (total element) concentration. Shelley et al. (2018) reported that the solubility of Co var-
ied more strongly with total Co concentration in Saharan dust aerosols when ultrapure water was used to
leach the soluble element than it did when acetic acid was used as the leaching solution. The data for Ti
are rather scattered, and it is not possible to state, based on Figure 2, whether this element's variation in solu-
bility with dust concentration is hyperbolic or less variable. However, Ti has been shown to have a hyper-
bolic solubility‐concentration relationship in other Saharan dust aerosols (Shelley et al., 2018).
3.3. Solubility of Size‐Fractionated Samples
Within each of the dusty samples, the distributions of the total concentrations of Fe, Al, Ti, Mn, Co, and Th
(as well as P and chromium, not shown) across the size fractions were very similar (Figures 3a and 3b), pro-
viding further evidence that dust was the dominant source of these elements in those samples. Although
absolute concentrations were much lower (Table 3), total element distributions in Sample TM25
(Figure 3c) were also similar to those in TM07, which may indicate that some dust was present (as hinted
at by high‐level air mass arrivals fromMauritania early in the collection period, Figure 1). Total element dis-
tributions in Sample TM26 indicate higher proportions in particles smaller than ~3 μm (Figure 3d). Broadly
similar size distributions of total Fe have been reported in Saharan dust‐dominated and northerly
marine‐influenced aerosol samples in this region of the North Atlantic (Buck et al., 2010).
The size distributions of soluble Mn, Co, and Th in TM07 and M15 are also essentially the same as their total
element distributions, but this is not the case for the other soluble elements in these samples (Figures 3e and
3f). In particular, the relative soluble concentrations of Fe and Al were much higher in particles smaller than
Table 3
Sum of the Total Concentrations of Trace Elements Over All Size Fractions for the Aerosol Samples Considered Here and the Overall Solubility of Those Trace
Elements in Each Sample
Sample Element Total conc. (pmol m−3) Overall sol. (%) Element Total conc. (pmol m−3) Overall sol. (%)
M15 Fe 20,000 ± 130 1.09 ± 0.06 Mn 323 ± 3 43.3 ± 1.6
Al 74,200 ± 570 2.05 ± 0.07 Co 8.6 ± 0.5 19.0 ± 1.1
Ti 1,620 ± 14 0.167 ± 0.016 Th 1.85 ± 0.11a 6.6 ± 0.4a
TM07 Fe 32,800 ± 200 1.08 ± 0.05 Mn 614 ± 5 46.4 ± 0.5
Al 126,000 ± 1,000 2.04 ± 0.02 Co 15.3 ± 0.8 27.2 ± 1.5
Ti 2,640 ± 20 0.094 ± 0.005a Th 3.09 ± 0.15a 7.9 ± 0.7a
TM25 Fe 724 ± 6 2.32 ± 0.26a Mn 22.6 ± 0.3 71.9 ± 1.0
Al 3,160 ± 50 7.75 ± 0.16 Co 0.43 ± 0.05a 29.2 ± 4.0a
Ti 92.1 ± 1.9a <0.139a Th 0.089 ± 0.016a 4.9 ± 1.0a
TM26 Fe 1,140 ± 6a <0.88a Mn 21.2 ± 0.3 35.2 ± 0.8
Al 4,600 ± 50 4.23 ± 0.13a Co 0.73 ± 0.06a 15.7 ± 1.6a
Ti 98.5 ± 2.0 <0.203a Th 0.14 ± 0.02a 3.6 ± 0.8a
a
One or more measurements for individual size fractions were below detection limit. Data for the individual size fractions can be found in Table S2.
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~1.65 μm (Stages w to 4) than were their relative total concentrations. Due to their much lower overall con-
centrations, soluble concentrations in Samples TM25 and TM26 were not always detectable. (Below detec-
tion limit, concentrations are not plotted in Figures 3g and 3h for clarity, but all relevant values are
included in Table S1). Partly because the size distributions of the elements' total concentrations were less
uniform than for the dusty samples, and partly because there was less data available for the soluble elements,
it is difficult to discern whether Fe and Al soluble concentrations are enhanced in the finer fractions of the
non‐dusty samples.
As a result of the differences in the soluble concentrations, there are some striking differences in the varia-
tion of fractional solubility across the aerosol size distribution for the two groups of elements (Figure 4). The
profiles of Mn, Co, and Th solubility are relatively flat across the size range, while those of Fe, Al, and Ti
show distinct maxima in the smaller size fractions, especially for the dusty samples. Buck et al. (2010) have
also reported that the solubility of Fe was higher in particles in the ~0.3–1 μm size range than in larger
(>~3 μm) particles in dust‐dominated aerosols over the tropical Atlantic, and Ooki et al. (2009) reported
higher Fe solubility (up to 12%) in fine (<3.3 μm) fractions of Asian mineral dust aerosol collected at
Hokkaido, Japan.
3.4. Influences on Dust Solubility
The enhancement of solubility in fine dust fractions for Fe, Al, and Ti, and the absence of such enhancement
for Mn, Co, and Th (Figures 4a, 4b, 4e, and 4f), is intriguing, especially since these groups of elements are the
same as those which do, and do not, exhibit hyperbolic changes in overall solubility with changing
Figure 2. The variation in fractional solubility with atmospheric dust concentration for Fe, Al, and Ti (a, b) and Mn, Co,
and Th (c, d) in Saharan dust aerosols sampled over the Atlantic Ocean (Jickells et al., 2016). Values for the
size‐segregated samples examined in this work (Table 3) are indicated with larger symbols. All other data for Ti, Co, and
Th are from D361. (data are plotted on log scales in a and c and linear scales in b and d).
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atmospheric dust (and total element) concentrations (Figure 2). A variety of proposed mechanisms could
potentially account for the observed solubility‐total atmospheric concentration behavior: mixing of dust
with fine, high‐solubility anthropogenic aerosol (as suggested for Fe (Sedwick et al., 2007; Sholkovitz
et al., 2009)); acid processing of dust particles during atmospheric transport (Spokes et al., 1994); and
preferential removal of larger particles during atmospheric transport and consequent shift to a dust
population with a higher surface area to volume ratio (Baker & Jickells, 2006).
The information available from the samples studied here is insufficient to determine unambiguously
whether any one of these mechanisms dominates their solubility behavior. If inclusion of anthropogenic
Fe makes a significant contribution to the solubility of Samples TM07 and M15, then similar
high‐solubility anthropogenic sources of Al (and Ti) would also be required to account for the observed solu-
bility in these samples. This seems unlikely but cannot be discounted without further evidence on anthropo-
genic emissions of the latter elements. Changes in mineral particle size distribution with transport cannot
account for the particle size‐dependent variation of solubility within each sample.
Acid processing provides a plausible mechanism which could be responsible for the similar enhancement of
Fe, Al, and Ti solubility in the fine fractions of Samples TM07 and M15. Figure 5 shows the distributions of
themajor acid species (nitrate, non‐seasalt sulfate, and oxalate) in all of the aerosol samples. Nitrate was pre-
sent predominantly on the larger size fractions, most probably as a result of the uptake of HNO3 into seasalt
particles and the subsequent displacement of HCl (Andreae & Crutzen, 1997). Thus, acidity arising from
nitrate probably does not play a role in the enhancement of Fe and Al solubility in the finer fractions of
the dusty samples. The size distributions of nss‐SO4
2− show higher concentrations in the finer fractions,
although there were noticeably higher proportions in the larger size fractions in the dusty samples
(Figures 5a and 5b). The >1 μm size fractions accounted for 42%, 56%, 10%, and 20% of total nss‐SO4
2− in
Samples M15, TM07, TM25, and TM26, respectively. These distributions might be a result of the higher par-
ticle surface area available for SO2 uptake when dust is present in high concentrations. Fang et al. (2017)
Figure 3. Concentrations of total (a–d) and soluble (e–h) elements in each aerosol size fraction normalized to their respective concentrations in impactor Stage 2
for samples M15 (a, e), TM07 (b, f), TM25 (c, g), and TM26 (d, h). (numbers on x axis refer to the cascade impactor stages (Table 1) and w to the backup filter).
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found SO4
2− predominantly in fine (~0.1–10 μm) particles and total Cu and Fe in coarser (~0.7–20 μm)
particles in urban aerosols and reported enhanced solubility of Cu and Fe in aerosol size fractions where
the SO4
2− and total Cu/Fe populations overlapped (~0.7–8 μm). This change in solubility appeared to be
linked to a large change in pH between the <2.5 μm aerosol (pH < 2) and the coarser fractions (pH > 6)
and resulted in the soluble metals being distributed on smaller particles than their total metals (Fang
et al., 2017), as is observed for Fe, Al, and Ti in the dusty samples here. Similar dependence on pH
changes driven by the distribution of nss‐SO4
2− may be responsible for the enhanced solubility of Fe, Al,
and Ti observed in Samples M15 and TM07. Interestingly, Fang et al. (2017) also reported that there was
much less difference between the size distributions of soluble and total Mn than for Cu and Fe. Although
complexation with oxalate can stabilize dissolved Fe (Paris et al., 2011), the distribution of oxalate does
not appear to be related to the enhanced concentrations of soluble Fe in the dusty samples.
Whatever the cause of the higher solubility of Fe, Al, and Ti in the fine fractions of the dusty samples, it is
apparent that it does not result in similar enhancement in the solubility of Mn, Co, and Th (Figures 4e
and 4f). Weathering in arid environments produces mineral phases that have quite distinct geochemical
compositions that are enriched in Mn, such as desert varnishes (Potter & Rossman, 1979), and these phases
have been found coating Saharan dust particles collected at Barbados (Rydell & Prospero, 1972). Manganese
oxides in soils are also noted to be associated with Co (Krauskopf & Bird, 1995). If Mn‐enriched weathering
products are present in Saharan dust aerosols, their size distribution appears to be similar to those of the
principal Fe‐, Al‐, and Ti‐ bearing minerals, as indicated by the similarity in the size distributions of the total
concentrations of all of the trace metals (Figures 3a and 3b). Whether such Mn‐enriched minerals are asso-
ciated with Co and Th, and how their dissolution behavior differs from that of Fe‐bearing minerals, is a sub-
ject for further study. Although Th solubility in a small number of other Saharan dust aerosol samples has
been reported (Anderson et al., 2016), there does not appear to be any data, other than that reported here,
with which to assess the variation of Th solubility with dust concentration changes during atmospheric
transport. However, the similarity in the behavior of Mn and Th reported here suggests that the fractional
Figure 4. Fractional solubility (%) of elements in each aerosol size fraction for Samples M15 (a, e), TM07 (b, f), TM25 (c, g), and TM26 (d, h). Ti solubility is
increased 15‐fold for clarity. Upward and downward pointing triangles on individual markers indicate that the plotted values are minima or maxima,
respectively. Size fractions are as described in Figure 3.
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solubility of Th over large gradients in dust concentration might be relatively constant. This would simplify
the use of seawater Th concentration as a proxy for dust deposition flux (Hsieh et al., 2011), by reducing
uncertainties in this term with respect to proxies (such as Al) that have hyperbolic
solubility‐concentration relationships. The small number of observations of Th solubility in aerosols (13
bulk values (Jickells et al., 2016, Figure 2), ~15 bulk samples (Anderson et al., 2016), 2 size‐fractionated
samples (this work)) suggests that further work is necessary to improve the use of Th as a dust proxy.
4. Conclusions
Separation of two Saharan dust aerosol samples collected over the tropical Atlantic Ocean into multiple size
fractions has demonstrated that the two groups of dust‐associated trace metals (Fe, Al, Ti and Mn, Co, Th)
show very different solubility characteristics in the particle size range 0.61–3.3 μm. The former group (Fe, Al,
and Ti) have enhanced solubility in this size range while the latter (Mn, Co, and Th) do not. The solubility of
these two groups also differs over large gradients in their total atmospheric concentration (as Saharan dust is
transported over long distances in the atmosphere). The presence of Mn‐enriched mineral phases in desert
soils, and the association of Co with Mnminerals, might go some way to explain the differences in solubility
between these two groups of elements and the unusual behavior of Mn, Co, and Th solubility in Saharan
dust aerosols during atmospheric transport (Jickells et al., 2016; Shelley et al., 2018). It should be noted, how-
ever, that further work is necessary to confirm the variations in trace element solubility with particle size and
total atmospheric concentration reported here due to the small size of the currently available data set, espe-
cially for Ti, Co, and Th.
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